Further, the data demonstrate the expression of genes for CSF-1, GM-CSF, IL-1\g=a\,IL-1\g=b\, IL-6 and TNF-\g=a\ is induced in the uterus during mating.
Introduction
Mating in nearly all mammalian species occurs during a restricted portion of the oestrous cycle, when circulating and tissue-associated concentrations of oestrogen and progesterone are highest. The major effect of this process is to co-ordinate ovulation with mating, increasing the probability that fertilization will occur (Shelesnyak, 1955; Psychoyos, 1973; Short, 1984) . The cyclic physio¬ logical changes which generate this juxtaposition involve complex effects of oestrogen and pro¬ gesterone on several tissues and organs and on several cell types within each organ. Mating itself produces an additional series of endocrinological and neuroendocrinological effects which affect the uterus, making it hospitable to the developing blastocyst. Local effects on the uterus result from complex interactions between systemic physiological changes and locally produced factors.
Introduction of semen into the vagina and uterus by mating initiates a series of striking cellular changes which are indistinguishable from a classical acute inflammatory response (Lobel et al., 1967) . Polymorphonuclear leucocytes are recruited from the blood. They migrate through the endometrium, through the luminal epithelium and into the uterine lumen. This early granulocytic response is combined with a longer-lasting mononuclear infiltrate, which includes high numbers of macrophages, a few mast cells and a few lymphocytes. Phagocytic cells eliminate the semen during Days 1 and 2, and, in the absence of continued inflammatory stimuli, the uterus returns to a state in which there is little histological evidence for cells derived from bone marrow cells (Lobel et ai, 1967) . Recently, the cellular character of this response was confirmed using quantitative immunohistochemical techniques (De & Wood, 1991) .
Inflammation is the normal response to injury. It has an elimination phase, which is designed to identify and remove pathogens and damaged tissue, and a reparative phase, which involves generation of a cascade of inflammatory cytokines (Billingham, 1987; Leibovich & Wiseman, 1988; Rappolee et ai, 1988 (Han et ai, 1987) . Poly (A) RNA was isolated from total RNA by adsorption to the elution from oligo (dt) cellulose (type 3) (Aviv & Leder, 1972) . Clones of cDNA for murine IL-3, GM-CSF, G-CSF and CSF-1 (Metcalf, 1989) and IL-la (Lomedico et ai, 1984) , IL-lß (Huang el al., 1988) , (moIL-6; DNAX Research Institute of Molecular and Cellular Biology. Palo Alto, CA, USA) and TNFa (Genentech, Inc., San Francisco, CA, USA) were obtained and subcloned into pSP6 or pGEM vectors (Promega Biotech, Inc., Madison, WI, USA). Antisense RNA probes were synthesized using [32P]GTP (>600Ci/mmol) and had specific activities in the range of 2-4 x 108d.p.m.,Vg (Melton et al., 1984) . Cytokine-specific mRNA was localized by Northern blotting (Andrews et al., 1987) . The positive control for all of the cytokine probes except GM-CSF was total RNA obtained from J774 cells stimulated with lipopolysaccharide (LPS) (Mossman, 1983 (Fig. 1) . The 4-6 kbp form of CSF-1 mRNA was expressed at high concentration on Days 1-3, but the 2-3 kbp form was expressed at high concentrations on Days 1 and 2 and was barely detectable on Day 3 (Fig. 1) .
Messenger RNA for IL-la and IL-lß was expressed at very high concentrations on Day 1 (Fig.  2) . IL-la mRNA remained high on Day 2, but was undetectable by Day 3, while II-1 ß decreased from Day 1 to Day 3 (Fig. 2) . IL-6 mRNA was also high on Day 1, but, unlike the other cytokine mRNAs, it was not detected on Day 2, then was re-expressed on Day 3 (Fig. 2) . TNF-a mRNA was expressed at high concentrations on Day 1 and decreased from Day 1 to Day 3 (Fig. 2) .
CSF-1 bioactivity was detected in the uterus on Day 1, but was not present on Days 2 and 3 (Table 1 ). There was no evidence for any other colony-stimulating activity Concentration of cytokine in uteri of cycling and pregnant mice On Day 1 of pregnancy, the concentrations of mRNA for GM-CSF, CSF-1, IL-lß, IL-6 and TNF-a were considerably higher than during the oestrous cycle (Fig. 3) . GM-CSF mRNA was not detectable at all in the uterus of cycling mice, while each of the others was expressed at much higher concentrations than during pro-oestrus or oestrus (Fig. 3) . The concentration of IL-la mRNA expressed during oestrus was not obviously different from that expressed on Day 1 of pregnancy. By Day 3 of pregnancy, the mRNA for each of the cytokines, except 4-6 kbp CSF-1, had returned to concentrations similar to those expressed during the oestrous cycle.
Although the concentration of mRNA for each cytokine was considerably higher on Day 1 than during pro-oestrus, tissue concentrations of cytokine bioactivity were not uniformly higher (Table 1) mediators (Billingham, 1987; Liebovich & Wiseman, 1988; Rappolee et ai, 1988; Wahl, 1988; Dinarello, 1989; Durum & Oppenheim, 1989) . The purpose of this response is local defence and tissue repair. As a normal physiological event, the cellular reaction which occurs in the uterus after mating appears to be an exception to the generally held view of acute inflammation as a defensive response to pathological stimuli.
The uterine cellular reaction is indistinguishable morphologically from a typical acute inflam¬ matory response in that there is an early influx of granulocytes, followed by a mononuclear re¬ sponse, comprised principally of macrophages and lymphocytes (Lobel et ai, 1967) . We confirmed the cellular nature of the response using a combination of quantitative morphology and immunohistochemistry (De & Wood, 1991) . The present study demonstrated that the cellular events were associated with induction of a variety of cytokines which are usually associated with inflammation: GM-CSF, CSF-1, IL-1, IL-6 and TNF-a. Not only was expression of the genes greater than in uteri from cycling mice, but also biologically active CSF-1, IL-1, IL-6 and TNF-a were detected. Coincident inflammatory cell accumulation and inflammatory cytokine production provides additional support for this being a typical acute inflammatory response.
Several discrepancies were noted between the expression of cytokine mRNA and cytokine bioactivity. The expression of CSF-1, which is a powerful macrophage chemoattractant (Wang et al., 1988; Pierce et al., 1990) , is consistent with the appearance of large numbers of macrophages in the uterus on Days 1 and 2. These were identified and quantified in both histological and immunohistological studies (Lobel et al., 1967; De et al., 1991) . The progressive decrease in the 2-3 kbp form of uterine CSF-1 seen from Day 1 to Day 3 is consistent with the number of uterine macrophages being substantially reduced on Day 3 (De et al., 1991) . The cellular source for the uterine CSF-1 during that time remains to be determined, but the primary source, particularly for the 2-3 kbp form, is likely to have been uterine epithelial cells (Bartocci et al., 1986; Pollard et al., 1987; Arceci et al., 1989) . The production of CSF-1 could also account for the localization pattern for the macro¬ phages, which accumulated in subepithelial stroma (De et al., 1991) .
The induction of the cytokines IL-1, IL-6 and TNF-a, which are associated with inflammation (Dinarello, 1989; Durum & Oppenheim, 1989) , provides additional evidence that what is being observed is a classical acute inflammatory response. The presence of large numbers of macrophages in the tissues and the association of these cytokines with macrophages increases the likelihood that these uterine cytokines were produced by macrophages during the development of the response. However, in the absence of cell separation and/or in-situ hybridization studies, it is not possible to exclude other cell types as a source for any or all of the cytokines. Both the accumulation of inflammatory cells and their apparent activation to produce inflammatory cytokines is surprising in the absence of obvious pathology.
